Rats were implanted a electrode into the lateral hypothalamus for self-stimulation (SS) and a cannula into the lateral ventricle ipsilaterally for drug treatment. After stable SS was established, each rat was injected 6-OHDA (10 pg(5 Ill/injection) or 6-01-IDA (same dosage) with desmethylimipramine (DMI)-pretreatment on 10 consecutive days through the implanted cannula. 6-OHDA treated rats showed gradual decrease in SS rate as daily SS testings proceeded, whereas DMI+6-OHDA treated rats showed no significant changes in SS rates through the entire course of testing except on the first day of drug administration.
Although numerous researchers have intensively investigated the relationship between the intracranial self-stimulation (SS) and catecholaminergic systems (CA) for about ten years after the first article (Crow, 1972 (Crow, b, 1973 appeared, it has not been determined whether CA systems are critically involved in SS (for review, see German & Bowden, 1974; Fibiger, 1978; Wise, 1978; Olds & Fobes, 1981) . Recently one of the present authors (Umemoto & Olds, 1981) obtained depressant effect of yohimbine, presynaptic alphanoradrenergic blocker, on SS from the dorsal tegmentum including the locus coeruleus. Neither postsynaptic alpha-NE blocker phenoxybezamine nor beta-NE blocker propranolol showed any significant inhibiting actions on the SS. These data were consistent with the results reported by several investigators (Wise, Berger, & Stein, 1973; Wauquier & Niemegeers, 1975; Hunt, Atrens, Becker, & Paxinos, 1978) .
In the previous study (Umemoto & Olds, 1981) , dopaminergic (DA) blocker pimozide also showed depressant actions on SS at NE sites. It is possible to assume either the action of this drug was direct on SS but unrelated to its action on DA receptor, or that it was indirect on SS but related to the DA systems. Obtaining the results that clonidine, a direct stimulant of alpha-NE receptor, disrupted SS at both NE and DA sites studied, and that apomorphine, a direct stimulant of DA receptor, showed an enhancing action on SS at NE site, but a depressant action on SS at DA site, Herberg, Stephens and Franklin (1976) proposed a hypothesis that in SS, DA and NE played complementary roles by being involved in the motivation and reinforcement, respectively. In considering their working hypothesis in addition to S-R theories of learning (Hilgard & Bower, 1966) , selectively DA systemlesioned subjects would show previously learned operant behavior so far as response-contingent reinforcement was given, and selectively NE system-lesioned subjects, in contrast, could not maintain the level of learned operant behavior even if the state of drive was induced by the electrical stimulation, because the former would be in the state of low motivation, and the latter, with insufficient reward. The purpose of the present study was to examine the effects of selective lesions of either DA or NE system on SS from the lateral hypothalamic area, in which both DA and NE fibers existed as the medial forebrain bundle (Moore & Heller, 1967) .
It is well known that 6-hydroxydopamine (6-OHDA), intraventricularly treated in adult rats, is uptaken into the nerve terminals of CA neurons and retrogradely degenerates their axons, and caused the decrease of CA contents in the brain (Bloom, Argeri, Groppetti, Revuetta, & Costa, 1969; Breese & Traylor, 1970; Uretsky & Iversen, 1970) . Later, several investigators have developed methods for obtaining relatively selective depletion of NE and DA contents in the rat brain with changing the dosage of 6-OHDA and the use of desmethylimipramine (DMI) pretreatment (Breese & Traylor, 1971; Cooper, Grant, & Breese, 1973; Kelly & Iversen, 1976) . In this study selective DA-and ND-lesioned subjects were prepared by the treatment of these drugs.
Method Animals
Thirty-nine Wistar male rats, weighing 350-450 g at the time of the surgery, were used in this study. They were housed individually in stainless steel cages. Food and water were available on demand.
Surgery
All subjects were anesthetized with sodium pentobarbital (50 mg/kg, i.p.) and placed in a stereotaxic apparatus. A single bipolar electrode for lateral ventricular injection were ipsilaterally implanted. The electrode was made of twisted 0.2 mm stainless steel wires coated with Teflon insulation except at the crosssection of their tips. Coordinates used for the lateral hypothalamus were 3.0 mm posterior to the bregma, 1.5 mm lateral to the midline, and 8.5 mm below the surface of the skull. Indifferent electrode, made of uncoated 0.2 mm stainless steel wire, was implanted in the anterior part of the brain (approximate coordinates: 3.0 mm anterior to the bregma, 2.0 mm lateral to the midline, and 0.5 mm below the surface of the skull). The cannula was made of stainless steel pipe, 0.6 mm in diameter. Coordinates used for the lateral ventricle were 0.5 mm anterior to the bregma, 1.0 mm lateral to the midline on the same side of the electrode, and 4.0 mm below the surface of the skull. The cannula shaft was occluded by a wire of the same length as the cannula. Immediately prior to every injection, this wire was removed.
SS Tests
Ten days following surgery, all subjects were trained to press a lever for SS in a plastic Skinner box (19 x32 x 60 cm) with the aluminium lever (10 x 5 cm). The depression of the lever always activated a stimulator which delivered a 200 ms train of 60 Hz sine wave of electrical stimulation to the point of indwelling electrode tip. The initial training for SS was performed at night. The subjects were put in the experimental box and allowed to press the lever through the night (for 10 h from 8: 00 p.m. to 6:00 a.m.). The intensities of electrical current were adjusted to the minimum levels which elicited overt behavior such as sniffing, food-eating, head-turning and forward locomotive movements. Based on our experiences, these intensities were usually above threshold for SS. The subjects which showed more than 3 000 respondings for 10 h were selected as self-stimulators. They were given further training of SS for 30 min at daytime on successive 3-5 days to establish constant lever pressing. After then, the test for determination of threshold currents for SS was performed in all self-stimulators. Electrical currents were progressively lowered every 5 min in step of 5 pA. The first current intensity, with which selfstimulators showed lever-pressing in rates less than 10/min, were regarded as the threshold for them. This testing was repeated three times. Following this test, all self-stimulators were trained their SS with the current 5 pA above the estimated threshold for 30 min on consecutive days until the rates of SS were stabilized to the point that the fluctuations of SS rates should be less than 10%. Then, mean rates of responding in the last three days were regarded as base-line rates for each self-stimulator. Ta•enty-one self-stimulators were equally divided into three groups of seven self-stimulators each according to their base-line rates of responding.
Drug Treatments
Drug treatments were performed for consecutive 10 days. 6-OHDA group: 30 min after daily SS testings, each subjects in this group was injected intraventricularly with 10 pg of 6-OHDA dissolved in 5 pl of isotonic saline which contained 1% of ascorbic acid as an antioxidant. DMI+6-OHDA group: Immediately after daily SS testings, the subjects in this group were injected intraperitoneally with 25 mg/kg of DMI, and 30 min after DMI treatment, the same dose of 6-OHDA as for the subjects in 6-OHDA group was injected intraventricularly through the implanted cannula. 
Statistics
All statistical analysis were performed by using Student I test.
Results
NE and DA Levels in the Cortex, the Caudatus and the Hypothalamus Table 1 presents the estimated DA and NE concentrations in the discrete brain areas of the yoked subjects of three groups. In 6-OHDA group, significant depletion of NE concentration were obtained in all parts of two brain regions assayed in comparison with those of control group (p <0.01), whereas there were no significant changes in DA levels in all three regions assayed. On the other hand, in DMI+6-OHDA group , selective depletions of DA level were found in the cortex and the caudatus. The values of these two areas in DMI+6-OHDA group were significantly differed from those of control group (p<0.05). The concentration of DA in the hypothalamus was also decreased to 80.2% of control value , but there was no significant difference between DMI+6-OHDA group and control group.
Histological Observation
The distribution of SS electrode sites in the lateral hypothalamic area is illustrated in Fig. 1 Figure 2 illustrates the effects of 10 consecutive daily treatment of the drugs on SS from the lateral hypothalamic area. DMI+6-OHDA group demonstrated an acute suppression of SS on the first drugged day (p<0.005).
However, mean rate of SS in this group returned to a level which did not differ significantly from that of control group on the second drugged day. And from the third drugged day on, stable rates of SS near to control level were obtained. Response rates in this group slightly increased after the drug treatment was discontinued. On the contrary, the subjects in 6-OHDA group were not suppressed their SS on the first drugged day. However, mean rates of responding of this group decreased progressively as daily injections were proceeded, and showed significant differences from those of the other two groups after the fourth drugged day (p<0.01).
Discussions
Intraventricular single injection of comparatively large dose of 6-OHDA caused depletion of both DA and NE contents in whole brain area (Bloom et al., 1969; Uretsky & Iversen, 1970) . Selective depletion of brain NE content could be obtained by multiple injections of small amount of 6-OHDA alone (Breese & Traylor, 1971; Cooper et al., 1973; Cooper, Cott, & Breese, 1974) . On the other hand, pretreatment of DMI, NE uptake blocker, prevented the destructive action of 6-OHDA on NE neurons and selectively decreased brain DA level from one third to one fourth of the controls (Cooper et al., 1973 (Cooper et al., , 1974 . In their studies CA contents in whole or discrete brain areas decreased to about one half on the control values. Although such a severe depletion was not observed in this DA and NE plays a critical role on SS, respectively. The MFB is called a center of SS and is one of the easiest area for obtaining SS in the brain. The MFB contains DA and NE fiber systems. Thus, the electrical stimulation to this area could activate both of the two fiber systems simultaneously. In the present study, all of the probes were located in the MFB at the level of the hypothalamus, and the mean rate of SS of NE-lesioned group decreased to about 30-40% of the control value, whereas DA-lesioned rats did not show any significant changes in SS rate on and after drugged days. These results can be said to suggest that NE, but not DA, plays a critical role in SS from the MFB. However, to accept such suggestion we have read too many data indicating the important role of DA on SS (e.g., Phillips, Carter, & Fibiger, 1976; Breese & Cooper, 1976 ). Koob and his coworkers obtained seemingly confusing results, that is, lateral hypothalamic SS was enhanced by the lesion of locus coeruleus (Koob, Balcom, & Meyerhoff, 1976) , and was persistently suppressed by the lesion of DA system (Koob, Fray, & Iversen, 1978) . Their findings may suggest that DA or NE system would not be involved alone but play the complementary part each other in SS behavior. Herberg et al.'s working hypothesis (1976) is in line with it, that is, the electrical stimulation to DA site activates not only DA system, but also NE system indirectly via DA-to-NE connection, and vice versa. In the hypothesis, DA and NE play a motivating and reinforcing role on the SS behavior, respectively. If this is the case, the results obtained in this study can be explained well as follows; in the rats treated with 6-OHDA, which NE contents in the brain decreased, their NE reinforcing system would be activated insufficiently by the electrical stimulation.
In other words, they were repeatedly given the "experimental extinction" trials on and after drugged days. The reason why their response rates never reached to "zero" as observed in ordinary foodreward extinction experiments, is that they may still have a few surviving NEreinforcing system in the brain. On the contrary, in the rats treated DMMII plus 6-OHDA, NE-reinforcing system might remained intact, though DA motivational system was partially injured. Since they have acquired the habit of lever pressing with reinforcements, they would attempt to press the lever in the SS-chamber. They were adequately given responsecontingent reinforcement on and after drugged days. This seems to be the reason why their SS rates were never influenced by the drug treatments.
